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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates generally to the field of integrated circuit (IC) device 

packages, and more particularly to improved substrate designs in ball grid array 
(BGA) packages. 

Related Art 

[0002] Integrated circuit (IC) dies are typically mounted in or on a package that 

is configured to be attached to a printed circuit board (PCB). One such type of 
IC die package is a ball grid array (BGA) package. BGA packages are useful for 
a number of reasons, including high reliability, and good thermal and electrical 
characteristics. BGA packages also provide for smaller footprints than many 
other available package solutions. 

[0003] A BGA package has an array of solder balls located on a bottom external 

surface of a package substrate. The solder balls are reflowed to attach the 
package to the PCB. In a "die-up" BGA package, the IC die is mounted to a top 
surface of the package substrate. In a die^down BGA package, the IC die is 
mounted to the bottom surface of the package substrate. Bond wires typically 
couple signals in the IC die to the substrate. The substrate has internal routing 
which electrically couples the bond wires to the solder balls on the bottom 
substrate surface. 

[0004] A number of BGA package substrate types exist, including ceramic, 

plastic, and tape (also known as "flex"). In some BGA package types, a stiffener 
may be attached to the substrate to supply planarity and rigidity to the package. 
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In such packages, the IC die may be mounted to the stiffener instead of the 
substrate. The stiffener also provides for greater spreading of heat from the IC 
die. In a die-up configuration, openings in the stiffener may be used to allow the 
IC die to be bond-wired to the substrate. 

[0005] In one type of die-down tape-substrate BGA package design, the tape 

substrate has a rectangular central opening. The substrate is mounted to the 
bottom surface of a stiffener. The bottom surface of the stiffener has a central 
cavity that coincides with the rectangular central opening of the substrate. The 
IC die is mounted to the stiffener, and resides in the cavity formed by the 
rectangular central opening and the stiffener cavity. A ground ring may surround 
the IC die in the BGA package. This package configuration suffers from long 
bond wires that are required to couple the IC die to the substrate. Bond wires 
coupled to the IC die must cross a portion of the cavity, and the ground ring, to 
reach signal bond fingers on the substrate. 

[0006] In high-speed BGA designs, such long bond wires are undesirable. High- 

speed circuits require short signal lengths with low inductance to operate 
properly, or to operate at all. Hence, what is needed are BGA packages that 
provide for short bond wires lengths. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed at ball grid array (BGA) substrates 

having enhanced electrical and mechanical characteristics. In one aspect, the 
substrate has a first surface that has a central opening. The central opening has 
an edge. The edge includes at least one protruding edge portion that extends into 
the central opening. The substrate is capable of being coupled to a surface of a 
stiffener/heat spreader that has a central ground ring. The one or more protruding 
edge portions are configured to extend across the central ground ring when the 
substrate is coupled to the stiffener surface. 
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[0008] In another aspect, the substrate has a first surface that has a central 

opening. The central opening has an edge. The edge includes at least one 
recessed edge portion. The substrate is capable of being coupled to a surface of 
a stiffener/heat spreader that has a central ground ring. The one or more recessed 
edge portions are configured to expose a portion of the central ground ring when 
the substrate is coupled to the stiffener spreader surface. 

[0009] In another aspect, the substrate has a first surface that has a central 

opening. The central opening has an edge. The first surface includes at least one 
hole proximate to the edge. The substrate is capable of being coupled to a surface 
of a stiffener/heat spreader that has a central ground ring. The one or more holes 
are configured to expose a portion of the central ground ring when the substrate 
is coupled to the stiffener surface. 

[0010] In another aspect, the substrate has a surface that has a central opening. 

The central opening has an edge. At least one trace is located on the surface 
proximate to the edge. The substrate is capable of being coupled to a surface of 
a stiffener/heat spreader that has a central ground ring. The edge is configured to 
cover a corresponding portion of the central ground ring when the substrate is 
coupled to the stiffener surface. 

[00 11] In still another aspect, the present invention is directed to integrated 

circuit (TC) packages. An IC package includes a substrate that has a first surface. 
The first surface has a central opening. A stiffener/heat spreader has a first 
surface. The first surface of the stiffener has a central ground ring. The first 
surface of the heat spreader is attached to a second surface of the substrate. The 
central opening has an edge. The edge includes at least one of the following: (a) 
an edge portion that extends across at least a portion of the central ground ring, 

(b) a recessed edge portion that exposes a portion of the central ground ring, and 

(c) a hole proximate to the edge that exposes a portion of the central ground ring. 
[0012] Further embodiments, features, and advantages of the present inventions, 

as well as the structure and operation of the various embodiments of the present 
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invention, are described in detail below with reference to the accompanying 
drawings. 



BRIEF DESCRIPTION OF THE FIGURES 

[0013] The accompanying drawings, which are incorporated herein and form a 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 

[0014] FIG. 1 A illustrates a bottom view of a die-down BGA package. 

[0015] FIG. IB illustrates a cross-sectional view of the die-down BGA package 

of FIG. 1A. 

[0016] FIG. 2A illustrates a bottom view of an alternative die-down BGA 

package. 

[0017] FIG. 2B illustrates a cross-sectional view of the die-down BGA package 

of FIG. 2 A. 

[0018] FIG. 3 illustrates a bottom view of a stiffener/heat spreader with a central 

ground ring. 

[0019] FIGS. 4-6 each illustrate an edge of a central opening in a substrate that 

is shaped according to exemplary embodiments of the present invention. 
[0020] FIG. 7 illustrates a bottom view of a substrate with a central opening 

shaped according to an exemplary embodiment of the present invention. 
[0021] FIG. 8A illustrates a bottom view of the die-down BGA package 

incorporating the substrate of FIG. 7, according to an exemplary embodiment of 

the present invention. 

[0022] FIG. 8B illustrates a close-up view of a portion of the bottom of the die- 

down BGA package shown in FIG. 8A, according to an exemplary embodiment 
of the present invention. 

[0023] FIG. 9 shows a flowchart that provides steps for forming a substrate 

according to an exemplary embodiment of the present invention. 
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[0024] The present invention will now be described with reference to the 

accompanying drawings. In the drawings, like reference numbers indicate 
identical or functionally similar elements. Additionally, the left-most digit(s) of 
a reference number identifies the drawing in which the reference number first 
appears. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Overview 

[0025] The present invention is directed to a method and system for improving 

the mechanical, thermal, and electrical performances of a BGA package through 
improved substrate configurations. The present invention is applicable to all 
types of BGA substrates, including ceramic, plastic, and tape (flex) BGA 
packages. Furthermore the present invention is applicable to die-up (cavity-up) 
and die-down (cavity-down) orientations. 

[0026] Numerous embodiments of the present invention are presented herein. In 

embodiments, the substrate in the BGA package is altered in one or more of 
several ways: (a) one or more edge portions of the central opening are extended 
into the central opening to cover portions of a stiffener ground ring; (b) one or 
more edge portions of the central opening may be recessed to expose portions of 
the stiffener ground ring; and (c) one or more holes may be formed in the 
substrate adjacent to or proximate to the central opening to expose portions of the 
stiffener ground ring. 

[0027] In each embodiment, BGA package mechanical and electrical 

performance are improved. The embodiments of the present invention presented 
herein allow for larger package cavity sizes. In turn, the larger cavity sizes allow 
for larger sized IC dies with higher input and output (I/O) counts to be packaged 
in the same size package. The modifications to the substrate allow for relatively 
shorter bond wire lengths. As a result, improved power/ground connections can 
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be made, and higher speed signals may be used. Various package inductances are 
reduced by the shorter bond wire lengths. By moving the substrate closer to the 
IC die, the substrate surface is effectively enlarged, and hence additional solder 
balls may be added to the bottom substrate surface. Furthermore, higher numbers 
of signal bond fingers/traces may be used. Additional advantages may also be 
realized. 

[0028] Ball grid array package types are described below. Following the 

description of these package types, further description of the present invention is 
provided. The above-mentioned embodiments and further embodiments are 
described in greater detail. The embodiments described herein may be combined 
in any applicable manner, as required by a particular application. 

Ball Grid Array (BGA) Packages 

[0029] A ball grid array (BGA) package is used to package and interface an IC 

die with a printed circuit board (PCB). BGA packages may be used with any type 
of IC die, and are particularly useful for high speed ICs. In a BGA package, 
solder pads do not just surround the package periphery, as in chip carrier type 
packages, but partially or entirely cover the bottom package surface in an array 
configuration. BGA packages are also referred to as pad array carrier (PAC), pad 
array, land grid array, and pad-grid array packages. BGA package types are 
further described in the following paragraphs. For additional description on BGA 
packages, refer to Lau, J. H., Ball Grid Array Technology, McGraw-Hill, New 
York, (1995), which is herein incorporated by reference in its entirety. 

[0030] Die-up and die-down B G A package configurations exist. In die-up BGA 

packages, the IC die is mounted on a top surface of the substrate or stiffener, in 
a direction away from the PCB. In die-down BGA packages, the IC die is 
mounted on a bottom surface of the substrate or stiffener, in a direction towards 
the PCB. 
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[0031] A number of BGA package substrate types exist, including ceramic, 

plastic (PBGA), and tape (also known as "flex") (TBGA). Tape or flex BGA 
packages are particularly appropriate for large IC dies with large numbers of input 
and outputs, such as application specific integrated circuits (ASIC) and 
microprocessors. FIG. 1A illustrates a bottom view of a die-down flex BGA 
package 100. FIG. IB illustrates a cross-sectional view of die-down flex BGA 
package 100. Flex BGA package 100 includes an IC die 102, a tape substrate 
104, a plurality of solder balls 106, one or more bond wires 108, and a stiffener 
112. 

[0032J Tape substrate 1 04 is generally made from one or more conductive layers 

bonded with a dielectric material. For instance, the dielectric material may be 
made from various substances, such as polyimide tape. The conductive layers are 
typically made from a metal, or combination of metals, such as copper and 
aluminum. Trace or routing patterns are made in the conductive layer material. 
Substrate 1 04 may be a single-layer tape, a two-layer tape, or additional layer tape 
substrate type. In a two-layer tape, the metal layers sandwich the dielectric layer, 
such as in a copper-Upilex-copper arrangement. In a plastic substrate 
embodiment, the plastic substrate may include one or more metal layers formed 
on an organic substrate (for example, BT resin or FR4 epoxy/glass). Substrate 
104 has a rectangular central opening 1 1 8 to accommodate IC die 1 02 and bond 
wires 108. 

[0033] Stiffener 1 12 is attached to the substrate to add planarity and rigidity to 

the package. Stiffener 1 12 may be laminated to substrate 104. Stiffener 1 12 is 
typically made from a metal, or combination of metals, such as copper, tin, and 
aluminum. Alternatively, stiffener 112 may be made from a polymer. Stiffener 
112 also may act as a heat sink, and allow for greater heat spreading in BGA 
package 100. Hence, stiffener 1 12 may also be referred to as a heat spreader. As 
shown in FIGS. 1A and IB, stiffener 112 may have a central cavity 116 in its 
bottom surface. The outer edges of central cavity 1 16 substantially coincide with 
central opening 1 18 in substrate 104 when stiffener 112 is attached to substrate 
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104. In alternative embodiments, the bottom surface of stiffener 112 does not 
include a central cavity 116, and is instead substantially flat. 

[0034] Substrate 1 04 has a power or ground ring 1 1 4 plated on its bottom surface 

around central cavity 116. Ring 114 may be coupled to a ground or power 
voltage potential. For exemplary purposes, ring 1 14 is usually referred to herein 
as being coupled to a ground potential, and is therefore referred to herein as a 
"ground ring." However, it is intended to be understood that in alternative 
embodiments, ring 1 1 4 may serve as a power ring. Ring 1 14 is connected to one 
or more ground (or power) solder balls 124 by ground (or power) signal traces 
120. Ground (or power) signal traces 120 are typically copper or other metal 
traces that are wider than regular signal traces. Ground (or power) solder balls 
124 are coupled to PCB ground (or power) pads when BGA package 100 is 
mounted on a PCB. One or more ground (or power) bond wires 126 couple 
ground (or power) pins of IC die 102 to ring 1 14. 

[0035] IC die 102 is attached to stiffener 112, and resides at least partially in 

central cavity 116. IC die 102 may be attached to stiffener 1 12 by an epoxy, for 
example. IC die 102 is any type of semiconductor integrated circuit. One or 
more bond wires 108 connect IC die 102 to substrate 104. Bond wires 108 and 
ground bond wires 126 may be gold, copper, or other types of conductors. For 
example, bond wires 108 connect signals pins on IC die 102 to one or more 
traces/bond fingers 122 on substrate 104. A bond finger is a portion of a trace 
that extends towards IC die 102 on substrate 104 such that a bond wire may be 
coupled to it. Bond wires 108 must be relatively long. Bond wires 108 that 
connect signals in IC die 102 to bond fingers 122 on substrate 104 must cross 
ground ring 114. Bond fingers 122 are typically formed from copper, other metal, 
or combination of metals. 

[0036] An encapsulant 110 (shown in FIG. IB), which may be an epoxy, mold 

compound, or other encapsulating material, covers IC die 1 02 and bond wires 1 08 
for mechanical and environmental protection. 
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[0037] IC dies are being produced with progressively higher pin counts to 

accommodate more input and output signals, while the size of IC packages are 
becoming smaller. Because of these advances, the routing of signal and 
ground/power traces in and on the package substrate is becoming increasingly 
more challenging. Narrower traces may be used to increase the number of 
possible traces on a substrate. Narrower traces, however, have the disadvantage 
of increased inductance, which is detrimental to high-speed signals. FIG. 2A 
illustrates a bottom view of a die-down flex BGA package 200, which is similar 
to die-down flex BGA package 100. BGA package 200 is configured to 
overcome at least some of these above-described disadvantages . In BGA package 
200, the package stiffener is configured to function as a ground or power plane. 
Ground (or power) solder balls are connected to the stiffener through the package 
substrate. In this manner, relatively shorter ground (or power) connections may 
be formed, and relatively fewer signal traces are required in the package substrate, 
as further described below. 

[0038] FIG. 2B illustrates a cross-sectional view of die-down flex BGA package 

200. In BGA package 200, ground ring 1 14 is plated or otherwise formed on 
stiffener 112 around the outer edges of central cavity 116. The central opening 
1 1 8 in substrate 104 is therefore larger in BGA package 200, to surround ground 
ring 114 instead of central cavity 116. BGA package 200 provides advantages in 
coupling signals in IC die 102 to PCB ground or power. 

[0039] Because ground ring 1 14 is located on stiffener 112, ground signal traces 

1 20 that are present in BGA package 1 00 are not required in BGA package 200. 
Ground signals in IC die 102 are coupled to ground solder balls 124 on the 
bottom surface of substrate 104 through a different path than in BGA package 
1 00. Stiffener 1 12 acts as a ground plane for BGA package 200. Ground vias, 
such as ground via 202 shown in FIG. 2B, couple ground solder balls 124 to 
stiffener 1 12 through substrate 104. Because stiffener 1 12 in BGA package 200 
is conductive, stiffener 1 12 couples ground solder balls 124 to ground ring 1 14. 
One or more ground bond wires 126 couple ground pins of IC die 102 to ground 
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ring 114. In this manner, ground signals in IC die 102 that are coupled to the 
ground pins of IC die 102 are coupled to ground solder balls 124. 

[0040] BGA package 200 provides for improved substrate routing over BGA 

package 100. Because ground signal traces 120 are not present in BGA package 
200, there is more space for signal traces on substrate 104. Furthermore, with 
stiffener 112 acting as a ground plane, the inductance and impedance of ground 
signal traces 120 is not present. This leads to improved ground signal 
performance. However, in the configuration of BGA package 200, bond wires 
1 08 from IC die 1 02 to points on substrate 1 04 still must be relatively long. Bond 
wires 108 that connect signals in IC die 102 to bond fingers 122 on substrate 104 
still must cross over ground ring 114. 

[0041] With the increase in signal frequencies of integrated circuits, such as in 

"gigibit" frequency devices, the design of 50 Ohm IC packages is becoming more 
critical. Signal path inductances can be calculated as a combination of the length 
and cross-sectional area of bond wires, the length and cross-sectional area of 
signal traces, and the size of solder balls. In BGA packages, the unit length 
inductance of bond wires is frequently greater than that of signal traces. 
Increasing the width of signal traces, and using a stiffener as a ground plane can 
provide performance improvements. Shortening the length of bond wires is also 
desirable to improve the performance of high-frequency IC packages. The 
present invention is directed to providing such improvements in high-frequency 
IC packages, as further described below. 

[0042] The present invention is applicable to improving electrical and mechanical 

performance in the BGA package types described herein, and in other BGA 
package types. Further BGA package configurations are described in the 
following co-pending related applications, which are incorporated by reference 
in their entireties herein: 

[0043] U.S. Serial No. 09/742,366, Attorney Docket No. 1 875.0200000, titled 

"Enhanced Die-Up Ball Grid Array and Method for Making the Same," filed on 
December 22, 2001. 
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[0044] U.S. Serial No. (to be assigned), Attorney Docket No. 1875.0200001, 

titled "Enhanced Die-up Ball Grid Array Packages and Method for Making the 

Same,'* filed on October 29, 2001. 
[0045] U.S. Serial No. 09/783,034, Attorney Docket No. 1 875.0210000, titled 

"Enhanced Die-Down Ball Grid Array and Method for Making the Same," filed 

on February 15, 2001. 
[0046] U.S. Serial No. 09/849,537, Attorney Docket No. 1875.0370000, titled 

"Die-up Ball Grid Array Package With a Heat Spreader And Method For Making 

The Same," filed May 7, 2001. 
[0047] The present invention is also applicable to integrated circuit package types 

other than BGA packages, as would be apparent to persons skilled in the relevant 

art(s) from the teachings herein. 

Substrate Embodiments According to the Present Invention 

[0048] Further details of structural and operational implementations of BGA 

packages of the present invention are described in the following sections. These 
structural and operational implementations are described herein for illustrative 
purposes, and are not limiting. For instance, the present invention as described 
herein may be implemented in both die-up and die-down BGA package types, as 
well as other IC package types. Furthermore, each of the embodiments presented 
below are applicable to tape substrate BGA packages, plastic substrate BGA 
packages, and ceramic substrate BGA packages. The description below is 
adaptable to these and other package types, as would be understood to persons 
skilled in the relevant art(s) from the teachings herein. 

[0049] Features of each of the embodiments presented below and elsewhere 

herein may be incorporated into BGA packages independently, or may be 
combined in a BGA package in any manner, as would be apparent to persons 
skilled in the relevant art(s) from the teachings herein. 
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According to embodiments of the present invention, the mechanical and 
electrical performances of a BGA package are enhanced by altering the shape of 
the package substrate. The substrate of the present invention has a central 
opening. The central opening may be substantially circular, elliptical, rectangular, 
or any other polygon or shape. For exemplary purposes, the central opening is 
shown herein as substantially rectangular. A stiffener/heat spreader is attached 
to a top surface of the substrate. The stiffener/heat spreader has a central ground 
or power ring plated or otherwise formed on its bottom surface. The central 
opening in the substrate may be modified to expose and/or cover portions of the 
central ground ring on the stiffener/heat spreader to reduce bond wire lengths. In 
embodiments, the substrate central opening may be altered in several ways: (a) 
one or more edge portions of the central opening are extended into the central 
opening to cover portions of the ground ring; (b) one or more edge portions of the 
central opening may be recessed to expose portions of the ground ring; and (c) 
one or more holes may be formed in the substrate adjacent to or proximate to one 
or more edges of the central opening to expose portions of the ground ring. As 
described below, these modifications to the shape of the central opening allow for 
relatively shorter bond wire lengths. 

The shape of the central opening in the substrate may be formed in any 
number of ways. The central opening and respective modifications described 
herein may be formed when the substrate is created or later. The central opening 
and respective modifications may be cut or punched out of a substrate. 
Furthermore, the central opening and respective modifications may be formed in 
other ways. 

FIG. 3 illustrates a bottom view of stiffener/heat spreader 112. 
Stiffener/heat spreader 112 has ground ring 114 plated or otherwise formed on the 
bottom surface. Cavity 1 16 is located centrally in stiffener 112, within ground 
ring 1 14. The material used for stiffener 112 may be one or more metals such as 
copper and aluminum, for example. Stiffener 1 12 may be machined, molded, or 
otherwise manufactured from these materials. Ground ring 1 14 may or may not 
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be plated on stiffener 112. For example, ground ring 114 may be a silver or 
palladium plated ground ring on the surface of stiffener 112. 

[0053] As described above, according to an embodiment of the present invention, 

portions of an edge of a central opening in a package substrate are extended over 
a ground ring, to allow for relatively shorter bond wires. FIG. 4 illustrates an 
edge 402 of a central opening 1 1 8 in substrate 1 04, that incorporates exemplary 
embodiments of the present invention. In FIG. 4, a portion of central opening 
1 18, a portion of IC die 102, a portion of central cavity 116, and a portion of 
ground ring 114 are shown. Substrate 104 is attached to a stiffener such as 
stiffener 112 shown in FIG. 3. The side of ground ring 114 that is adjacent to 
edge 402 is exposed through central opening 118. In a conventional 
implementation, substantially all of ground ring 114 would be exposed through 
central opening 118. In the embodiment of the present invention shown in FIG. 
4, portions of the side of ground ring 114 adjacent to edge 402 are covered by a 
first, a second, and a third protruding edge portion 404, 406, and 408 of edge 402. 
Because first, second, and third protruding edge portions 404, 406, and 408 
protrude and extend across portions of ground ring 114, relatively shorter bond 
wires 108 may be used to couple pins of IC die 102 to bond fingers on substrate 
104 than in a conventional implementation. 

[0054] According to the present invention, edge portions of central opening 118 

in substrate 104 extend at least partially across ground ring 114, and may be of 
any size and shape. They may extend partially or completely across ground ring 
114, and may even extend at least partially over cavity 116. The edge portions 
may be wide enough to accommodate any number bond fingers, and attachment 
of any number of corresponding bond wires. Furthermore, they may be shaped 
in any variety of shapes. First, second, and third protruding edge portions 404, 
406, and 408 are generally tab shaped. As shown in FIG. 4, first protruding edge 
portion 404 is substantially triangular or tapered in shape. Second protruding 
edge portion 406 is substantially curved in shape. Third protruding edge portion 
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408 is substantially rectangular in shape. The present invention is applicable to 
these shapes, and any others for these edge portions. 

[0055] As shown in FIG. 4, a first bond wire 108a couples a first pin 410 on IC 

die 1 02 to a first bond finger 4 1 8 on first protruding edge portion 404. A second 
bond wire 108b couples second pin 412 on IC die 102 to a second bond finger 
420 on second protruding edge portion 406. A third bond wire 108c couples a 
third pin 414 on IC die 102 to a third bond finger 422 on third protruding edge 
portion 408. A fourth bond wire 108d couples a fourth pin 416 on IC die 102 to 
a fourth bond finger 424 on third protruding edge portion 408. As shown in FIG. 
4, single bond wires are coupled from IC die 1 02 to each of first and second edge 
portions 404 and 406, and two bond wires are coupled from IC die 102 to third 
protruding edge portion 408. The present invention is applicable to any number 
of bond wires being coupled to an edge portion. 

[0056] Furthermore, one or more ground bond wires may couple pins on IC die 

102 to ground ring 1 14 between and around the protruding edge portions. For 
example, as shown in FIG. 4, a first ground bond wire 1 26a couples a first ground 
pin 426 to ground ring 114 between first protruding edge portion 404 and second 
protruding edge portion 406. A second ground bond wire 126b couples a second 
ground pin 428 to ground ring 114 between second protruding edge portion 406 
and third protruding edge portion 408 . The invention is applicable to any number 
of ground bond wires being coupled from the IC die to the ground ring among the 
protruding edge portions. 

[0057] According to a further embodiment, portions of a substrate may be 

recessed to expose portions of a ground ring, to allow for relatively shorter bond 
wires. FIG. 5 illustrates an edge 502 of a central opening 1 18 in substrate 104, 
that incorporates exemplary embodiments of the present invention. A portion of 
central opening 1 18, a portion of IC die 102, a portion of substrate 104, and a 
portion of central cavity 1 16 are shown. Substrate 104 is attached to a stiffener 
such as stiffener 1 12 shown in FIG. 3 . In the implementation of BGA package 
200 shown in FIGS. 2A-2B, ground ring 114 on stiffener 112 is completely 

SKGF Ref. No. 1875.1640000/BP1946 



-15- 



exposed through central opening 118. In the embodiment of the present invention 
shown in FIG. 5, substrate 104 substantially covers ground ring 114. However, 
portions of ground ring 1 14 are exposed by a first, a second, and a third recessed 
edge portion 504, 506, and 508 of edge 502. First edge portion 504 exposes a 
first ground ring portion 1 1 4a. Second edge portion 506 exposes a second ground 
ring portion 1 14b. Third edge portion 508 exposes a third ground ring portion 
114c. Because first, second, and third edge portions 504, 506, and 508 expose 
portions of ground ring 1 14, ground bond wires 126 may couple pins of IC die 
102 to ground ring 1 14. Furthermore, relatively shorter bond wires 108 may be 
used to couple pins of IC die 102 to bond fingers on substrate 104 than in a 
conventional implementation. 

[0058] According to the present invention, edge portions of central opening 118 

in substrate 104 are recessed to expose at least a portion of ground ring 114 from 
under substrate 104. The recessed edge portions may be of any size and shape. 
They may be recessed partially or completely across ground ring 114. The 
recessed edge portions may be wide enough to accommodate any number of 
ground bond wires. Furthermore, they may be shaped in any variety of shapes. 
As shown in FIG. 5, first recessed edge portion 504 is substantially triangular or 
tapered in shape. Second recessed edge portion 506 is substantially curved in 
shape. Third recessed edge portion 508 is substantially rectangular in shape. The 
present invention is applicable to any shape for these recessed edge portions. 

[0059] As shown in FIG. 5, a third ground bond wire 126c couples a firstpin 510 

on IC die 102 to first ground ring portion 1 14a in first recessed edge portion 504. 
A fourth ground bond wire 126d couples a second pin 512 on IC die 102 to 
second ground ring portion 1 14b in second recessed edge portion 506. A fifth 
ground bond wire 1 26e couples a third pin 5 1 4 on IC die 1 02 to third ground ring 
portion 1 14c in third recessed edge portion 508. A sixth ground bond wire 126f 
couples a fourth pin 5 1 6 on IC die 102 to third ground ring portion 1 14c in third 
recessed edge portion 508. As shown in FIG. 5, single ground bond wires are 
coupled to ground ring 1 1 4 in each of first and second recessed edge portions 504 
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and 506, and two bond wires are coupled to ground ring 1 14 in third edge portion 
508. The present invention is applicable to any number of ground bond wires 
being coupled to ground ring 1 14 in a recessed edge portion. 

[0060] Furthermore, one or more signal bond wires may couple pins on IC die 

102 to substrate 104 between and around the recessed edge portions. For 
example, as shown in FIG. 5, a fifth bond wire 108e couples a fifth pin 5 1 8 to a 
fifth bond finger 522 between first recessed edge portion 504 and second recessed 
edge portion 506. A sixth bond wire 1 08f couples a sixth pin 520 to a sixth bond 
finger 524 between second recessed edge portion 506 and third recessed edge 
portion 508. The invention is applicable to any number of signal bond wires 
coupled to bond fingers on substrate 104 among the recessed edge portions. 

[0061] According to a further embodiment, portions of a substrate may be opened 

or "punched-through" to expose portions of a ground ring, to allow for relatively 
shorter bond wires. FIG. 6 illustrates an edge 602 of a central opening 118 in 
substrate 1 04, that incorporates exemplary embodiments of the present invention. 
A portion of central opening 1 18, a portion of IC die 102, a portion of substrate 
104, and a portion of central cavity 1 16 are shown. Substrate 104 is attached to 
stiffener a stiffener such as stiffener 112 shown in FIG. 3 . In the implementation 
of BGA package 200 shown in FIGS. 2A-2B, ground ring 1 14 on stiffener 1 12 
is completely exposed through central opening 118. In the embodiment of the 
present invention shown in FIG. 6, portions of ground ring 1 14 are exposed by a 
first, a second, and a third substrate hole 604, 606, and 608 adjacent to, or 
proximate to edge 602. First substrate hole 604 exposes fourth ground ring 
portion 1 14d. Second substrate hole 606 exposes fifth ground ring portion 1 1 4e. 
Third substrate hole 608 exposes sixth ground ring portion 1 14f. Because first, 
second, and third substrate holes 604, 606, and 608 expose portions of ground 
ring 114, ground bond wires 126 may couple pins of IC die 102 to ground ring 
1 14. Furthermore, relatively shorter bond wires 108 may be used to couple pins 
of IC die 102 to bond fingers on substrate 104 than in a conventional 
implementation. 
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[0062] According to the present invention, holes in the substrate are formed to 

expose at least a portion of ground ring 114 from under substrate 104. The 
substrate holes may be of any size and shape. They may be sized to partially or 
completely expose a width of ground ring 114. The substrate holes may be sized 
large enough to accommodate any number of ground bond wires. Furthermore, 
they may be shaped in any variety of shapes. As shown in FIG. 6, first substrate 
hole 604 is substantially hexagonal in shape. Second substrate hole 606 is 
substantially elliptical or circular in shape. Third substrate hole 608 is 
substantially rectangular in shape. The present invention is applicable to any 
polygon or other shape for these substrate holes. 

[0063] As shown in FIG. 6, a seventh ground bond wire 1 26g couples a first pin 

610 on IC die 102 to fourth ground ring potion 1 14d through first substrate hole 
604. An eighth ground bond, wire 126h couples a second pin 612 on IC die 102 
to fifth ground ring portion 1 14e through second substrate hole 606. A ninth 
ground bond wire 1 26i couples a third pin 6 1 4 on IC die 1 02 to sixth ground ring 
portion 1 14f through third substrate hole 608. A tenth ground bond wire 126j 
couples a fourth pin 616 on IC die 1 02 to sixth ground ring portion 1 14f through 
third substrate hole 608. As shown in FIG. 6, single ground bond wires are 
coupled to ground ring 114 through each of first and second substrate holes 604 
and 606, and two bond wires are coupled to ground ring 114 through third 
substrate hole 608. The present invention is applicable to any number of ground 
bond wires being coupled to ground ring 114 through a substrate hole. 

[0064] Furthermore, one or more signal bond wires may couple pins on IC die 

102 to substrate 104 between and around the substrate holes. For example, as 
shown in FIG. 6, a seventh bond wire 108g couples a fifth pin 61 8 to a seventh 
bond finger 622 between first substrate hole 604 and second substrate hole 606. 
An eighth bond wire 108h couples an sixth pin 620 to an eighth bond finger 624 
between second substrate hole 606 and third substrate hole 608. The invention 
is applicable to any number of signal bond wires coupled to bond fingers on 
substrate 104 among the substrate holes. 
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[0065] One or more embodiments of the present invention provided herein may 

be combined in a single substrate customized for a particular application. FIG. 
7 illustrates a bottom outline view of an exemplary customized substrate 700, 
according to an embodiment of the present invention. Surface features of 
customized substrate 700 are not shown in FIG. 7. Customized substrate 700 is 
configured to allow for shorter bond wires and improved ground/power ring 
operation, among other advantages. Substrate 700 is attached to a stiffener 
having a ground ring plated thereon or otherwise attached. For example, substrate 
700 may be attached to stiffener 112. As shown in FIG. 3, stiffener 1 12 includes 
a ground ring 1 14. 

[0066] As shown in FIG. 7, substrate 700 includes a substantially rectangular 

central opening 702 having a first edge 704, a second edge 706, a third edge 708, 
and a fourth edge 710. First edge 704, second edge 706, third edge 708, and 
fourth edge 710 are shaped according to embodiments of the present invention. 
In alternative embodiments, central opening 702 may be formed in shapes other 
than rectangular, including elliptical, circular, triangular, and other polygonal 
shapes, and therefore have more or less than four edges. 

[0067] First edge 704 includes a first tab-shaped protruding substrate portion 712 

and a second tab-shaped protruding substrate portion 714. Second edge 706 
includes a rectangular substrate hole 716 proximate to second edge 706 and a 
round substrate hole 718 proximate to second edge 706. Third edge 708 includes 
a recessed substrate portion 720. Fourth edge 710 is a substantially straight edge. 
First, second, third, and fourth edges 704, 706, 708, and 710 are further described 
in relation to an exemplary BGA package as follows. 

[0068] FIG. 8A illustrates a bottom view of a die-down BGA package 800 that 

incorporates substrate 700, according to an exemplary embodiment of the present 
invention. BGA package 800 includes IC die 102, substrate 700, plurality of 
solder balls 106, stiffener 112, and one or more ground solder balls 124. 
Encapsulate 110 may be present, but is not shown in FIG. 8 A. An outline of 
ground ring 114, which is largely covered by substrate 700, is shown. BGA 
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package 800 is configured similarly to BGA packages 1 00 and 200 described 
above, subject to the description related to substrate 700 provided above. FIG. 
8B illustrates an enlarged view of a portion of the bottom surface of BGA 
package 800, to provide enhanced detail. 

[0069] As shown on first edge 704 of substrate 700 in FIG. 8B, first and second 

protruding substrate portions 712 and 714 extend over portions of ground ring 
114 such that along first edge 704, only first, second, and third ground ring 
portions 1 14g, 1 14h, and 1 14i are exposed. A first ground bond wire 804a and 
a second ground bond wire 804b are coupled from ground pins on IC die 102 to 
second ground ring portion 1 14h. Because second ground ring portion 1 14h is 
adjacent to cavity 116, first and second ground bond wires 804a and 804b are 
relatively short. Furthermore, six bond wires 806 are shown in FIG. 8B that 
couple signal pins on IC die 102 to traces or bond fingers on substrate 700 along 
first edge 704. For example, a first bond wire 806a couples a signal pin on IC die 
102 to a bond finger 122a on first protruding portion 712. A second bond wire 
806b couples a signal pin on IC die 102 to a bond finger 122e on substrate 700 
by crossing over second ground ring portion 114h. A third bond wire 806c 
couples a signal pin on IC die 102 to a bond finger 122b on second protruding 
portion 714. Because first and second protruding portions 712 and 714 extend 
over ground ring 114 towards IC die 102, first and third bond wires 806a and 
806c are relatively shorter compared to second bond wire 806b. 

{0070] As shown proximate to second edge 706 of substrate 700 in FIG. 8B, 

rectangular substrate hole 716 and round substrate hole 718 expose fourth and 
fifth ground ring portions 1 14j and 1 14k, respectively. A third ground bond wire 
804c is coupled between a ground pin on IC die 102 and fourth ground ring 
portion 1 14j. A fourth ground bond wire 804d is coupled between a ground pin 
on IC die 102 and fifth ground ring portion 114k. Because fourth and fifth 
ground ring portions 1 14j and 1 14k are adjacent or proximate to second edge 706 
and cavity 1 1 6, third and fourth ground bond wires 804c and 804d are relatively 
short. Furthermore, six bond wires 806 couple signal pins on IC die 1 02 to traces 
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or bond fingers on substrate 700 along second edge 706. For example, a fourth 
bond wire 806d couples a signal pin on IC die 102 to a bond finger 122c on 
substrate 700. Because ground ring 1 14 is covered by substrate 700 along second 
edge 706 (except for fourth and fifth ground ring portions 1 14j and 1 14k), fourth 
bond wire 806d does not have to cross over ground ring 114, but can instead have 
a relatively shorter length to reach substrate 700. 

As shown on third edge 708 of substrate 700 in FIG. 8B, recessed 
substrate portion 720 exposes a portion of ground ring 114, sixth ground ring 
portion 1 141. The remainder of ground ring 1 14 is covered along third edge 708 
by substrate 700. A fifth ground bond wire 804e is coupled from a ground pin on 
IC die 102 to sixth ground ring portion 1 141. Because sixth ground ring portion 
1141 is adjacent to cavity 116, fifth ground bond wire 804e is relatively short. 
Furthermore, seven additional bond wires couple signal pins on IC die 102 to 
traces or bond fingers on substrate 700 adjacent to third edge 708. For example, 
a fifth bond wire 806e couples a signal pin on IC die 102 to a bond finger 122d 
on substrate 700. Because substrate 700 extends over ground ring 114 towards 
IC die 1 02 along third edge 708 (except for recessed substrate portion 720), fifth 
bond wire 806e is relatively short. 

As shown on fourth edge 7 1 0 of substrate 700 in FIG. 8B, fourth edge 7 1 0 
forms a substantially straight edge so that substrate 700 is substantially a uniform 
distance from IC die 102 along fourth edge 710. The portion of ground ring 1 14 
along fourth edge 710 is covered by substrate 700. Eight bond wires couple 
signal pins on IC die 102 to traces or bond fingers on substrate 700 adjacent to 
fourth edge 710. For example, a sixth bond wire 806f couples a signal pin on IC 
die 102 to a bond finger 122e on substrate 700. Because substrate 700 extends 
over ground ring 114 towards IC die 102 along fourth edge 710, sixth bond wire 
806f is relatively short. Ground (or power) pins on the side of IC die 102 
adjacent to fourth edge 710 may be coupled to ground (or power) by other means 
than being coupled to ground ring 1 14. For example, they may be coupled to 
ground (or power) solder balls on substrate 700. For example, IC die pin 808 
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may be a ground pin. IC die ground pin 808 may be coupled by a ground bond 
wire 8 1 0 to a ground bond finger 8 1 2 on substrate 700 that is coupled to a ground 
solder ball. For example, solder ball 802 may be a ground solder ball. Ground 
solder ball 802 may be coupled to PCB ground when BGA package 800 is 
coupled to a PCB. 

[0073] The embodiments provided above in this section are presented herein for 

purposes of illustration, and not limitation. The invention is not limited to the 
particular examples of components and methods described herein. Alternatives 
(including equivalents, extensions, variations, deviations, etc., of those described 
herein) will be apparent to persons skilled in the relevant art(s) based on the 
teachings contained herein. Such alternatives fall within the scope and spirit of 
the present invention. 

Forming Integrated Circuit Package Substrates According to Embodiments of the 
Present Invention 

[0074] FIG. 9 shows a flowchart 900 providing operational steps for forming 

substrates for use in integrated circuit packages, according to embodiments of the 
present invention. The steps of FIG. 9 do not necessarily have to occur in the 
order shown, as will be apparent to persons skilled in the relevant art(s) based on 
the teachings herein. Other embodiments will be apparent to persons skilled in 
the relevant art(s) based on the following discussion. These steps are described 
in detail below. 

[0075] Flowchart 900 begins with step 902. In step 902, a substrate is received. 

For example, a substrate such as substrate 700 shown in FIG. 7 may be received. 
[0076] In step 904, a central opening is formed in the substrate. For example, the 

central opening is central opening 702 in substrate 700. The central opening has 

an edge. For example, the edge may be one of first, second, third, and fourth 

edges 704, 706, 708, and 710 of central opening 702. 
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[0077] In step 906, the edge is formed to include at least one of: (a) a protruding 

edge portion that extends into the central opening (b) a recessed edge portion, or 
(c) a hole through the substrate proximate to the edge. For example, in an 
embodiment according to feature (a) of step 906, first edge 704 shown in FIG. 7 
is formed to include first and second protruding edge portions 712 and 714. As 
shown in FIGS. 8 A and 8B, first and second protruding portions 712 and 714 
extend over ground ring 114 towards IC die 102. In another example 
embodiment according to feature (b) of step 906, third edge 708 shown in FIG. 
7 is formed to include recessed substrate portion 720. As shown on third edge 
708 of substrate 700 in FIG. 8B, recessed substrate portion 720 exposes aportion 
of ground ring 114, sixth ground ring portion 1141. In another example 
embodiment according to feature (c) of step 906, second edge 706 shown in FIG. 
7 is formed to include first and second substrate holes 716 and 718 proximate to 
second edge 706. As shown proximate to second edge 706 of substrate 700 in 
FIG. 8B, rectangular substrate hole 716 and round substrate hole 718 expose 
fourth and fifth ground ring portions 1 14j and 1 14k, respectively. 

[0078] In an embodiment, step 904 includes the step where the central opening 

in the substrate is formed to be a substantially rectangular shape. For example, 
central opening 702 in substrate 700 is substantially rectangular as shown in FIG. 
7. Alternatively, central opening 702 may be formed in other shapes, as described 
above. 

[0079] In an embodiment, the IC package that will accommodate the substrate is 

a BGA package. Therefore, step 902 may include the step where a BGA package 
compatible substrate is received. In alternative embodiments, the substrate may 
be adapted for use in types of IC packages other than BGA packages. 

[0080] In an embodiment, steps 904 and 906 may be performed in a single step. 

In other words, for example, central opening 702 and a modification to an edge 
of central opening 702, such as recessed substrate portion 720, may be 
simultaneously formed in substrate 700. The central opening and respective 
modifications described herein (e.g., including protruding portions, recessed 
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portions, and substrate holes) may be formed together at the time the substrate is 
created, or alternatively may be formed in steps at one or more later times. In an 
embodiment, the central opening and respective modifications may be cut or 
punched out of a substrate. The central opening and modifications may be cut or 
punched from the substrate in a single cutting or punching action, or may be cut 
or punched into the substrate individually. For example, one or more of central 
opening 702, first and second protruding edge portions 712 and 714, recessed 
substrate portion 720, and first and second substrate holes 716 and 718, may be 
formed in substrate 700 in a single punching action, or may be individually 
formed in substrate 700. For instance, central opening 7 02 could first be punched 
into substrate 700. Subsequently, recessed substrate portion 720 and/or first 
substrate hole 716 could be later punched into substrate 700. The central opening 
and respective modifications thereto may be formed into substrate 700 in any 
order and in any number of steps. 

Conclusion 

[008 1 ] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example 
only, and not limitation. It will be apparent to persons skilled in the relevant art 
that various changes in form and detail can be made therein without departing 
from the spirit and scope of the invention. Thus, the breadth and scope of the 
present invention should not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with the following claims 
and their equivalents. 
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